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Sir: I have the honor to transmit herewith the manuscript of

an article entitled "The Effect of Soluble Salts on the Physical

Properties of Soils/' by R. O. E. Davis, of this bureau. I would

recommend that this article be published as Bulletin No. 82 of the

Bureau of Soils.

Very respectfully, Milton Whitney,
Chief ofBureau.

Hon. James Wilson,

Secretary of Agriculture.
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PREFACE

Recent investigations in soil phenomena as related to crop production have brought

a recognition that all the factors, natural and artificial, which in their combined effect

determine the amount and quality of crop, are mutually interdependent. Fertilizers

have been shown to influence not only the chemical, but also the physical and bio-

logical properties of the soil in ways which find marked responses in the production of

crops. It has also been shown that practically all the physical properties of a soil

which are susceptible to control or management are directly dependent upon the

moisture content. It is of prime importance," therefore, to determine what manner

and what magnitude of effect do soluble salts of the types found in commercial fertil-

izers produce in the soil-moisture relations, and this problem has been met by Dr.

Davis as shown in the following bulletin. It was not sought to determine specific

results on particular soils. But, as Dr. Davis has amply demonstrated, soluble salts

do produce physical changes in the soil which are of large magnitude, which can be

observed and measured, and which have as important an influence on crop growth

as do any other factors. While contributing to the evidence of the complexity of

the phenomena of crop production, this investigation is nevertheless constructive

in showing the nature of the problems and direction for detailed quantitative studies

in particular cases. This investigation marks a distinct step forward in soil studies,

in giving direct experimental proof for the conclusion from a priori reasoning that

the physical effects of fertilizers are of as much importance as any others and can no

longer be ignored in rational systems of soil management.

Frank K. Cameron,

In charge, Physical and Chemical Investigations.
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THE EFFECT OF SOLUBLE SALTS ON THE
PHYSICAL PROPERTIES OF SOILS.

INTRODUCTION.

In a previous publication x of this bureau it was pointed out that

the "physical condition of the soil is one of the most important fac-

tors in determining the crop adaptation and growth, and that the

physical condition is largely dependent upon the moisture content

of the soil."

Following the suggestion here brought out, it was thought advis-

able to study the effect of soluble salts in small quantities upon
the physical condition of soils. Since the physical condition is

dependent on the moisture content, whatever influences the moisture

content will influence the physical condition, and the movement of

moisture in the soil.

The majority of the experiments performed were in determining

the apparent specific volume of soils to which various soluble

salts had been added. This property was selected because it is

probably most easily measured. Experiments on penetrability and

the capillary movements of water were also carried out ; and a few on

the difference in vapor pressure of soil moisture caused by the addi-

tion of the salts, An effort was made by the use of microscope and
lantern to distinguish a difference in the structure of an untreated

soil and of a soil treated with soluble salts. These results are dis-

cussed in the bulletin.

The use of commercial fertilizers influences a great many of the

factors 2 which control plant growth, and one of these factors is the

physical condition. In this investigation the amounts of soluble

salts used correspond to the amounts used in fertilizers. The effect

of the salts is very marked, but, so far, they have not been correlated

with any particular system of agricultural practice.

A number of investigators have noted in a general way that soluble

salts exert an influence on the physical properties of the soil. Mosier 3

studied the peculiar characteristics of a certain soil and from his

experiments concluded that "the only way by which we may change

the physical composition (structure) of soils is by changing the

amount of organic matter." The sample worked with contained a

great deal of organic matter. After leaching with acid and ammonia,

i Bui. No. 50, Bureau of Soils, U. S, Dept. of Agriculture.
2 Cameron, Jour, of Ind. and Eng. Chem., 3, 3, 188 (1911). J. Phys. Chem 14, 320 (1910).

3 Cir. 82, 111. Expt. Sta. (1904).
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8 EFFECT OF SOLUBLE SALTS ON PHYSICAL PROPERTIES OF SOILS.

the soil would not granulate as well as before. The change was

attributed to loss of organic matter. It might equally as well be

attributed to the loss of soluble salts removed by the leaching.

Wile}Tl says that soluble salts may have an effect on the water move-

ment in the soil. Since there is a possible increase in the surface

tension of soil water by the addition of salts, therefore the amount
of water remaining in the soil is increased. This should probably be

true of fertilizer salts, but soluble organic matter decreases the sur-

face tension in general.

Woliny 2 has shown that hydrates of several salts affect the volume
of a soil saturated with water containing them. Aikman 3 declares

that the influence of farmyard manures can not be attributed alone to

the amount of so-called plant foods which they contain, for these are

not present in the proportions for crop requirement, and the form of

nitrogen and phosphorus is not of the most valuable kind. He there-

fore concludes that the influence farmyard manure exerts on the

structure of the soil is very great. Bovie 4 has noted that the addition

of salts to a soil affected the amount of available moisture present in

the soil. King, 5 in some field experiments noticed that manure ap-

parently increased the upward capillary movement in the soil, and
this was especially shown in dry weather. Watson 6 declares that the

observations of King are due to the decreased rate of evaporation in

a soil treated with manure rather than to increased capillarity. Den
Berger 7 has performed some experiments on the change in volume of

soils containing sodium chloride when the soil is saturated with water.

1 Agricultural Analysis, Vol. I, p. 170. Among the numerous references which might be cited, the follow-

ing will show the status of this line of investigation: Wirkung kunstlichen Dunger auf die Durchlassigkeit

des Bodens fur Wasser. Edwin Blanck, Landw. Jahrb. 38, S64 (1909); IJber den Einfluss der kunstlichen

Dungemittel auf der Verhalten des Wasser im Boden. Gross. Zeit. f. d. Landw. Verschwesen in Osterreich

,

4, 80 (1903); Uber die Prozesse der Bewegung des Wassers in der Salzlosungen im Boden. Krawkon, J. F.

Landw., 48, 209 (1900); Untersuch. uber die Wasserkapazitat des Boden. Ulrich, Forseh. a. d. Geb. der

Agrik-Physik., 19, 37 (1896); Beitrag zur Erforschung der Einwirkung der Salzdungung auf die pkysikal-

Ischen Bodeneigenschaften. E. Mitscherlich, Fiihlings Landw. Zeitung, 51, 580 (1902); also Bodenkunde
f. Land. u. Forstwirte, p. 16 (1905); Untersuch. uber die Wirkung der Kalidungen auf die Bodenfeuchtig-

keit. F. Hollrung, Forseh a. d. Geb. d. Agrik.-Phys., 17, 450 (1894); A. N. Pearson, Chem. News, 66, 53

(1892); J. Beeson, Jour. Amer. Chem. Soc, 19, 620 (1S97); Der Einfluss des Kalkes auf die Wasserbewegung im
Boden. Blanck, Landw. Jahrb. 38, 715 (1905); 38, 863 (1909); "Uber das Verhalten erdartiger Gemische

gegen das Wasser. Adolf Meyer, Landw. Jahrb. 3, 794 (1S74); Untersuchungen fiber die wasserhaltende

Kraft des Boden und Bodenbestandteile. Treutler. Landw. Vers.-Station, 14, 301 (1S71); Untersuchun-

gen uber d. Feuchtigkeitsverhaltnisse des Bodenarten. Wollny, Forseh. auf d. Gebiete der Agrik-Physik,

20, 482 (1898); Unterschungen uber d. Wasserkapazitat der Bodenarten. Wollny, Forseh. auf d. Gebiete

d. Agrik-Physik 8, 3 (1886); Reynolds, Ontario Expt. Sta. Report, p. 2 (1892); Frear, Penn. Expt. Sta.

Bull. 61 (1900); Theoretische Betrachtungen uber die Beeinflussung einiger der sogen. physik. Boden-

eigenschaften. Mittlg. d. Landw. Inst. Breslau, 4, 445; Uber einiger phys.-chem. Vorgange bei der

Einstehung der Ackererde. Rohland
;
Landw. Jahrb. 36, 473 (1907). Der Einfluss von Kalk u. Humus

auf die mech. u. phys. BeschafTenheit von Ton-, Lehm- u. Sandboden. W. Thaer, Jour. Landw., 59,

6(1911).

2 Forseh. auf dem Agr.-Phys., 20, 1 (1897).

3 Manures and manuring, p. 273.

«Bul. Torrey Bot. Club, 37, 290 (1910).

&Wis. Exp. Sta. Report (1892), p. 106; A. Muntz et H. Gaudechon, Ann. Scl. Agron. (3) 4, II,

393-443(1909).

<Uowa Acad, of Science Jour., 16, 103 (1909).

?Dept. Agr. Indes Neerl., Bui. 34 (1910).



PENETRATION. 9

All of the work here cited has the disadvantage that the effect is

shown for some particular water content of soil, or else that the physi-

cal effect of salt is more or less a matter of conjecture. Cameron and
Gallagher * have shown that the physical condition of the soil changes

with the change in moisture content, and that there is a definite

moisture content (optimum moisture content) at which a given soil

is in the best physical condition. One of the objects of the present

investigation was to determine if possible the effect of soluble salts

upon the optimum water content. The soils used were a sand, clay

loam, clay, and silt loam. After performing a number of experiments

with the soils, the silt loam was found to be best adapted to the meas-

urements, because it could be mixed with water and screened easily

over a fairly large range of moisture contents.

PENETRATION.

METHOD OF EXPERIMENTATION.

The measurement of the cohesion of a soil has often been used as

an indicator of the physical condition of the soil. Cameron and Gal-

lagher 2 have shown that the cohesion is well measured by determin-

ing the penetration, which is a main factor in the ease of tillage. The
method by which the resistance to the introduction into the soil of a

Apparatus for screening soils.

pointed instrument is measured, as described by them, is the one em-

ployed in the present measurements. The soil in each case was

screened by the method they adopted. The use of a mechanical

shaker insures a more or less uniform packing of the soil, which it is

impossible to accomplish by hand filling. Drawings of the apparatus

are reproduced in figures 1 and 2. The screening apparatus consists

1 Bui. 50, Bureau of Soils, U. S.

1728°—Bull. 82—11 2

Dept. of Agr. (1908). 2Loc. cit.



10 EFFECT OF SOLUBLE SALTS ON PHYSICAL PROPERTIES OF SOILS.

principally of a screen operated by a motor. The screen is held in

position at one end by a weight, the other end has a hole through

which the eccentric shaft of the motor passes. A large funnel is used

to catch the soil and divert it into the cup.

The penetration apparatus is a beam carrying a penetration tool

at one end, counterbalanced by a weight at the other. When meas-

urements are made, sand is run into the cup hung in the middle of

the long arm of the beam, thus- forcing the tool into the soil. The

tool is a cone-shaped steel rod, 10.5 centimeters long and 1 centimeter

at its greatest diameter. In the penetration measurements sand is

run into the cup hung in the middle of the beam until the pointed

instrument enters the soil just 6 centimeters. One-half the weight

of sand added is the pressure applied at the end of the beam. The

Fig. 2.—Apparatus for measuring penetration.

penetration measurements were made only on two soils and the method

was then abandoned, because it was found that much more accurate

results could be obtained by measuring the change in volume.

RESULTS OF EXPERIMENTS.

The two soils used for the experiments with penetration were the

Cecil clay loam and Volusia silt loam. The mechanical analysis of

the two soils are given in Table I.

Table I.

—

Mechanical analysis of soils used in penetration experiments.

Name of division. Limits of sizes.
Cecil clay
loam.

Volusia
silt loam.

MiVimetcrs.
2.0 -0.25
.25 - .05
. 05 - . 005
.005- .0

Per cent.

16

25
28
26

Per cent.

12.6
16.7

Silt 58.2
Clay 12.3

CECIL CLAY LOAM.

The clay loam is a rather heavy soil, and when containing more
than 20 per cent water could not be screened. For that reason

the curves with this soil do not extend beyond that moisture content.
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From figures 3 and 4 the penetration curves for clay loam with water

alone, three concentrations of potassium carbonate and two concen-

trations of potassium chloride are given. The results are shown in

Tables II and III and figures 3 and 4. The dry salts were added to
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12 EFFECT OF SOLUBLE SALTS ON PHYSICAL PROPERTIES OF SOILS.

the soil and then the soil wet to saturation. After drying out, the

soil was gradually mixed with water and at intervals the penetration

measured. The amounts of carbonate were 4.5 grams to 1,500 of

dry soil; 9 to 1,500, and 20 to 1,500. Chloride was added in the

proportion of 5 and 15 grams to 1,500 of soil; or 0.3, 0.6, and 1.33

per cent for potassium carbonate and 0.33 and 1.0 per cent for chlo-

ride. It is noticed that the displacement of the penetration curve

for soils with salt, from the curve with water alone is in the same

direction in each case. The curves for penetration are not at all

accurate. It is impossible to tell whether there is really a difference

between the effect of different amounts of salts, because the error

of experiment is so large. The only thing that can be said definitely

is that the penetration value in the clay loam is lowered, since prac-

tically every measurement fell on the same side of the curve obtained

for water alone. The amount of salt is considerably larger than the

amount of fertilizer salts generally used.

Table II.

—

Penetration-moisture relations for Cecil clay loam with potassium carbonate.

With water alone. 0.3 per cent K2C0 3 . 0.6 per cent K2C0 3 . 1.33 percent K2CO3.

Weight Weight Weight Weight
Moisture.

\

for pene- Moisture. for pene- Moisture. for pene- Moisture. for pene-
tration. tration. tration. tration.

Per cent. Grams. Per cent. Grams. Per cent. Grams. Per cent. Grams.
2.0 201.0 2.4 163 3.3 143 4.4 143
8.8 123.0 12.9 68 7.1 121 8.2 93
13.3 94.5 15.4 0/ 11.4 80 10.4 51
13.7 61.0 15.7 59 15.6 59 10.5 53
15.2 68.0 16.4 57 16.1 61 14.7 67
16.3 70.0 18.0 61 18.2 47 20.0 58
20.5 57. 5 19.0 50
21.5 53.5

Table III.

—

Penetration-moisture relations for Cecil clay loam itith potass-ium chloride.

0.33 per cent KC1. 1.0 per cent KOI.

Weight for Weight for

Moisture. penetra- Moisture. penetra-
tion. tion.

Per cent. Grams. Per cent. Grams.
2.9 207 2.9 133
7.3 122 S.O 73
8.1 101 10.6 74
9.3 118 13.1 63
11.7 49 14.6 59
13.3 58 16.4 50
15.8 61 18.1 53
20.5 50

VOLUSIA SILT LOAM.

Penetration measurements made on Volusia silt loam are shown in

figure 5 and Table IV, for water alone and with potassium chloride,

potassium carbonate, and phosphoric acid. Amounts of potassium

chloride used were 0.09 gram and 9 grams to 1,500 grams of soil;

or 0.006 and 0.6 per cent, and of potassium carbonate and phosphoric

acid (P
2 5 ) 1 gram to 1,500 of soil. The measurements are open to
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the same criticism as those for clay loam; but in this case the penetra-

tion value is apparently increased by the addition of these salts.
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Fig. 5.—Penetration-moisture results for Volusia silt loam.

Penetration moisture results for Volusia silt loam.

In figure 6 and Table V are given values for the same soil and sails,

except that the measurements are repeated after the soil has been

subjected to a pressure of 10 and 40 grams per square centimeter sur-

face. The curves are relatively the same as when no pressure is

applied.

Table IV.

—

Penetration-moisture relations for Volusia silt loam with salts.

With water. 0.006 per cent KC1. 0.6 per cent KC1. 0.15 per cent K2C0 3 . 0.15 per cent P2O5.

Mois-
Weight Weight Weight Weight Weight
for pene- for pene- for pene- for pene- for pene-
tration. tration. tration. tration. tration.

P.ct. Grams. P. ct. Grams. Per cent. Grams. Per cent. Grams. Per cent. Grams.
0.4 92 1.7 56 2.3 73 0.4 92 7.5 74
1.4 78 2.5 99 6.5 54 4.5 62 11.7 55
1.6 53 3.8 57 11.6 57 8.6 46 14.9 71

0.1 41 3.9 76 14.8 107 11.4 45 17.1 93

6.8 51 6.0 46 14.6 63
8.0 35 8.2 46
9.8 46 8.3 52
12.3 59 8.3 00
12.7 39 10.8 48
14.1 50 10.9 61
14.1 54 13.3 55
15.7 64 13.5 50
16.4 57 14.8 62
18.2 82 15.4

17.0
62

101



14 EFFECT OF SOLUBLE SALTS ON PHYSICAL PROPERTIES OF SOILS.

Table V.

—

Penetration-moisture relations for Volusia silt loam, packed under different

pressures and containing

Packing force per square centimeter.

10 grams.

40 grams

.

With water.

Moisture
content.

1.6
6.1

12.3
16.4

1.6
6.1
12.3
16.4

1.6
6.1

12.3
16.4

Weight
for pene-
tration.

59
57
65
85

85
136
169
229

0.006 per cent KC1.

Moisture
content.

8.3
10.9
15.4

10.9
15.4

3.9
8.3

10.9
15.4

Weight
for pene-
tration.

64
63
77

141
157
157
223

0.6 per cent EC1.

Moisture
content.

2.3
6.5
11.6
14.8

2.3
6.5

11.6
14.8

2.3
6.5
11.6
14.8

Weight
for pene-
tration.

54
57

107

91

63

63
111

134
118
119
1G5

ACCURACY OF PENETRATION MEASUREMENTS.

As has already been observed, the penetration measurements were

not accurate; in fact, the error in the individual measurements was
very large. Generally three measurements were made at points

equidistant from the center of the cup containing the soil; and, in

the first experiments, at the center also, but the center measurement
differed so largely in every case from the others that it was discon-

tinued. The time required for the sand to nil the cup (the rate of

flowT
) caused a difference, as well as the height of fall, and the position

the sand assumed in the cup. The sand was kept at as nearly constant

head as possible, and a spring pinchcock was used so that the exit could

be opened to full capacity and closed quickly and completely. Even
then the measurements did not agree very well, the reason for the

nonagreement probably being in the heterogeneous character of the

soil and the impossibility of obtaining every portion of it in exactly

the same condition. For instance, a small grain of sand immediately

under the point of the penetration instrument might cause a differ-

ence of 10 to 20 grams in the penetrability of the soil. Several exam-

ples of measurements taken at random are given in Table XI as illus-

trative of the inherent errors of the method.



APPARENT SPECIFIC GRAVITY.

Table VI.

—

Moisture-penetration measurements taken at random.

15

Sample No. 1. Sample No. 2. Sample No. 3. 1 Sample No. <U

Time of adding
sand.

Weight
of

sand.2

Time of adding
sand.

Weight
of

sand.

Time of adding
sand.

Weight
Of

sand.

Time of adding
sand.

Weight
of

sand.

Seconds.
26

Grams.
149
152
137
147
135
138

Seconds.
15

Grams.
129
136
135
127

Seconds.
38

Grams.
193

278
281
190
196

Seconds.
40
40
40 .

Grams.
154

28 15 60 227
24 17 62 209
23 15 35 30 160
23 38 30. 170
25

Error, per cent. .

.

12.6 Error, percent. 7.1

1 Tested as to the effect of time, the tool penetrating 6 cms.
2 Actual weights of sand added; penetration value is one-half of this.

The results obtained in sample No. 2 are about as close as any
obtained. In sample No. 4, in those cases requiring 40 seconds for

penetration, the results vary from 154 to 227 grams. From these

figures it may be seen that while the penetration method is of value

in determining the general curve and the optimum water content

for a soil, it can not be relied upon to detect small differences in the

physical properties of a soil due to the addition of small amounts of

soluble salts. Without a doubt, however, the measurements do indi-

cate an effect upon the physical properties of the soil.

Having found that the soluble salts—potassium chloride and

potassium carbonate—do affect the physical properties of the soil, but

that measurements of penetration are not altogether satisfactory, it

was determined to test the effect upon the apparent specific gravity.

It wTas found that the measurements could be more quickly made
and the results closely checked by duplicate measurements.

APPARENT SPECIFIC GRAVITY.

PREVIOUS WORK.

As previously noted, Cameron and Gallagher have shown that the

apparent specific gravity ( —i—— —=—j ) is at a minimum atrr r & j \volume occupied/

the optimum water content of the soil, but the effect of soluble salts

was not studied. Wollny 1 made a few measurements on the in-

crease in volume of kaolin by saturating with water and with solu-

tions of several salts and hydroxides. The volume change was

measured by a disk resting on the surface of the soil and supported

by a weight attached by a cord passing over a pulley. A movement
of the disk was indicated by an attached pointer moving over the

face of a dial. The changes recorded are given in Table VII.

i Forsch. auf dem Agr.-Phys., 20, 1-31 (1897).
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Table VII.

—

Measurements of increased volume of kaolin by saturating with various

solutions.

Soil with salt.
Change in
volume. Soil with salt.

Change in
volume.

H2

Per cent.

36.92
27.67
24.21

NaCl.
Per cent.

19.32
K2CO3 NaN0 3 .... 18.56
KOH Ca(OH) 2 6.10

The changes given show that adding water to a dry soil until it is

saturated causes it to increase in volume more than adding a solution

of any of the substances tried. Calcium hydroxide caused the least

change in volume, the increase being about one-sixth that caused

by water alone. Den Berger 1 measured the effect of solutions of

calcium chloride and sodium phosphate on the volume occupied by
clay when settled from suspension. He found that the volume of

soil (clay) with N/10 calcium chloride and N/200 calcium chloride is

less than when wet with water alone. This was not true with sodium

phosphate. Only two measurements were made in each case, and

the differences recorded were very slight. Thaer 2 found that lime

added to loams made them more porous to the passage of water, but

added to sand, made them more compact.

METHOD OF EXPERIMENTATION.

The method used to determine the apparent specific volume of a

soil was that of weighing full of soil a vessel whose volume was known.

The screening apparatus already referred to was used. At first a

large cup of 1,100 c. c. capacity was used, but was later discarded for

one of about one-third the volume, when it was found that results

just as accurate could be obtained with the smaller cup. The soil was
allowed to fall from the screen until it overran the edges of the cup,

and was then carefully leveled to the top of the cup with the edge of

a large spatula. After weighing the cup and soil, the top of the soil

was taken off and a representative sample from the interior of the

mass placed in a weighing bottle and moisture determined. The per

cent of moisture was in every case based on the dry weight of the soil.

The soils used were the clay loams and silt loams used in the penetra-

tion experiments, Norfolk sand, and (in a few experiments) Susque-

hanna clay.

1 Bui. 34, Dept. Agr. Indes. Neerland (1910).

2 Einfluss von Kalk u. Humus auf dem Ton-, Lehm- u. Saudboden. Thaer, Gotiengen (1910).
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Fig. 1.—Sand Moistened with Water.
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Fig. 2.—Sand After the Evaporation of Water.
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Fig. 1.—Sand with Potassium Carbonate Moistened with Water.

Fig. 2.—Sand with Potassium Carbonate after Evaporation of Water.





APPARENT SPECIFIC GRAVITY.

RESULTS OF EXPERIMENTS.

CECIL CLAY LOAM.

17

The experimental results on volume-moisture relations with clay

loam and each of the salts used in the penetration experiments are

shown in Tables VIII and IX and graphically in figures 7 and 8.
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Fig. 7.—Moisture-apparent specific gravity results for Cecil clay loam.
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Fig. 8.—Moisture-apparent specific gravity results for Cecil clay loam.

Table VIII.

—

Moisture-apparent specific gravity relationsfor Cecil clay loam and potas-

sium carbonate.

With water. 0.3 per cent K2C03 0.6 per cent K2CO3 1.33percentK2C03 .

Apparent Apparent Apparent Apparent
Moisture. specific Moisture. specific Moisture specific Moisture. specific

gravity. gravity.
j

gravity. gravity.

Per cent. Per cent. Per cent. Per cent.

2.00 1.07 2.4 1.08 3.3 1.12 4.4 1.04

8.8 1.11 12.9 1.01 7.1 1.12 8.2 1.05

13.3 1.05 15.4 .84 11.4 1.06 10.5 .95

13.7 1.07 15.7 .99 15.6 .98 14.7 .99

15.2 .98 16.4 .88 16.1 .95 20.0 .88

16.3 1.07 18.0 .88 18.2 .82
20.5 .98 19.0 .82
21.5 .78

1728°—Bull. 82—11-
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Table IX.

—

Moisture-apparent specific gravity relations for Cecil clay loam and potas-
sium chloride.

0.33 per cent KC1. 1.0 per cent KC1.

Apparent Apparent
Moisture. specific Moisture. specific

gravity. gravity.

Per cent. Per cent.

2.9 0.99 2.9 1.07
7.3 1.12 8.0 1.03
8.1 1.05 10.6 1.02
9.3 1.06 13.1 1.004

11.7 .90 14:6 .99
13.3 .99 16.4 .88
15.8 .94 18.1 .83
20.5 .80

The results show that there is a very measurable effect produced in

the volume-moisture relations of a soil by the addition of the solu-

ble salts, potassium chloride and carbonate, that they both affect the

volume change in the same direction, and there is apparently little

difference produced by the different salts or by varying the concen-

tration of the salts. The optimum water content was not quite

reached.
VOLUSIA SILT LOAM.

With Volusia silt loam, experiments similar to those with Cecil clay

loam were performed to note the effect of salts on the change in volume.

In addition to potassium chloride and carbonate were used calcium

sulphate, phosphoric acid, potassium bisulphate, monocalcium phos-

phate, ammonium nitrate, and several combinations of these salts.

The results of these measurements are shown in Tables X, XI, XII,

and XIII, and figures 9, 10, 11, 12, and 13. From the curves it is

seen that the salts used are arranged in two groups. The single

salts, potassium chloride, phosphoric acid, and potassium carbonate

seem to cause the greatest displacement from that of the water alone,

and the second group consists of potassium bisulphate, monocalcium

phosphate, calcium sulphate, and ammonium nitrate. Mixtures of

potassium chloride and ammonium nitrate and of calcium sulphate

and potassium bisulphate fall in the first group; and of phosphoric

acid and potassium carbonate or bisulphate fall in the second. Neither

does concentration seem to have a very marked effect, as has already

been shown in the case of the clay loam.
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Fig. 9.—Moisture-apparent specific gravity results for Volusia silt loam.
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Fig. 10.—Moisture-apparent specific gravity results for Volusia silt loam.

^1.00

§0.90

law

^ —•-

-

M ~^ >o3 .^
-T-2

*

PERCE/VT OF MO/STURE
5 20

Fig. 11.—Moisture-apparent specific gravity results for Volusia silt loam.
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Table X.

—

Moisture-apparent specific gravity relations of Volusia silt loam with potas-

sium chloride.

"With water. 0.006 per cent KC1. 0.6 per cent KC1. 1.2 per cent KC1.

Apparent Apparent Apparent Apparent
Moisture. specific Moisture. specific Moisture. specific Moisture. specific

gravity. gravity. gravity. gravity.

Per cent. Per cent. Per cent. Per cent.

0.4 1.13 1.7 1.12 2.3 1.09 3.8 1.07

1.4 1.08 2.5 1.11 6.5 1.04 4.9 1.06
1.6 1.09 3.8 1.08 11.6 .95 6.4 1.07
3.9 L08 6.0 1.06 14.8 .97 9.5 1.02
6.1 .96 8.2 1.01 11.1 .99

6.3 .95 8.3 1.05 12.7 .95

6.8 .93 10.8 .97 14.3 .97

8.0 .98 10.9 1.02 14.4 .93

8.3 1.04 11.8 .94 15.5 .98

9.8 .91 13.3 .97

10.1 .92 13.5 .94
12.7 .93 14.8 .93

14.1 .89 17.0 .94
14.1 .93
15.4 .92
15.7 .91

17.4 .89

18.2 .93

Table XI.

—

Moisture-apparent specific gravity relations of Volusia silt loam with salts.

0.067 per cent 0.067 per cent 0.133 per cent 0.067 per cent
K2C0 3 . P2O5. P2O5. KHSO4.

Apparent Apparent Apparent Apparent
Moisture. specific Moisture. specific Moisture. specific Moisture. specific

gravity. gravity. gravity. gravity.

Per cent. Per cent. Per cent. Per cent.

0.4 1.05 4.25 1.04 4.2 1.10 2.9 1.09
3.7 1.08 7.4 1.005 5.5 1.05 5.2 1.01
6.3 1.03 9.1 .97 8.2 1.04 7.9 .96
9.2 .99 11.9 .93 9.8 1.01 9.6 .94

12.2 .95 14.3 .92 12.5 .95 13.0 .91
15.4 .92 17.0 .96 16.1 .97 16.1 .93

Table XII.

—

Moisture-apparent specific gravity relations of Volusia silt loam with salts.

0.067 per cent
CaS0 4 .

0.067 per cent
NH 4N03 .

0.067 per cent
CaHP0 4 .

Apparent Apparent Apparent
Moisture. specific Moisture. specific Moisture. specific

gravity. gravity gravity.

Per cent. Per cent. Per cent.

5.4 0.99 5.7 0.99 4.3 1.03
8.2 .94 6.9 .98 6.2 .97
11.9 .91 8.0 .98 9.1 .94
12.4 .90 10.7 .93 17.9 .89
17.6 .95 12.7

15.7

17.8
18.9

.91

.90

.88

.89
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Fig. 14.—Moisture-apparent specific gravity results for Norfolk sand.

Fig. 15.—Moisture-apparent specific gravity results for Norfalk sand.
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Table XIII.

—

Moisture-apparent specific gravity relations of Volusia silt loam with salts.

0.016 per cent P2O5
and K2C0 3 each.

0.032 per cent P 2 5

and KHSO<each.
0.032 per cent KC1
and NH4NO3 each.

0.032 per cent CaS0 4

and C£HP0 4 each.

Moisture.
Apparent
specific

gravity.
Moisture.

Apparent
specific

gravity.
Moisture.

Apparent
specific

gravity.
Moisture

.

Apparent
specific

gravity.

Per cent.

3.3
7.5
12.7
16.1

1.05
.97
.92
.90

Per cent.

3.5
6.4
10.5
15.4

1.06
.99
.93
.90

Per cent.

5.0
8.6

14.3
17.6

1.06
1.01
.93
.95

Per cent.

4.3
8.9

13.5
17.6

1.06
.98
.92
.93

NORFOLK SAND.

The effect of salts on change in volume of Norfolk sand was tried

with only three salts—potassium chloride, carbonate, and calcium

phosphate. The same sort of effect was shown as in the case of the

clay loam and silt loam, but the differences were smaller. It was

not deemed necessary to follow it up with other salts. The results

of the experiments are shown in Table XIV and figures 14 and 15.

Table XIY.

—

Moisture—Apparent specific gravity relations for Norfolk sand with salts.

With water.
0.055 per cent

KC1.
0.055 per cent

K2CO3.
0.055 per cent
CaHPO*.

Appar- Appar- Appar- Appar-
Mois- ent Mois- ent Mois- ent Mois- ent
ture. SDeciflc ture. specific ture. specific ture. specific

gravity. gravity.
1

gravity. gravity.

Per cent. Per cent. Per cent. Per cent.

0.74 1.20 0.19 1.45 0.55 1.24 1.52 1.16
2.9 0.94 0.55 1.24 0.97 1.23 2.96 0.95
3.4 0.90 1.15 1.14 1.70 1.06 4.32 0.90
5.5 0.90 3.00 0.91 2.50 1.03 7.81 0.99
5.8 0.89 4.8 0.89 3.30 0.90
7.9 0.95 8.2 0.99 4.40 0.92
9.7 1.04 5.30

6.0
6.9
8.9

1

0.93
0.92
0.97
1.05

The mechanical analysis of Norfolk sand is given in Table XV.

Table XV.

—

Mechanical analysis of Norfolk sand.

Name of division. Limits of sizes. Percentage.

Fine gravel, coarse sand, and medium sand
Fine and very fine sand
Silt

Clay

Mm.
2.0 -0.25
0. 25 -0. 05
0. 05 -0. 005
0. 005- .

The curve is much sharper and the minimum is more distinct than

in the other soils. Tliis is due to the fact that the sand becomes

saturated much more quickly than a soil containing smaller particles.
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The total volume change for a sand is not near so great as that for

clay or clay loam, but is greater for a short range of moisture con-

tent. This sand is saturated at about 10 per cent, while that per

cent of water for most clays does not represent even one-half the

amount required for saturation.

SUSQUEHANNA CLAY.

A heavy Susquehanna clay was selected to test the moisture-

volume relations with salts, because in such a soil the effect of salts

should be very marked. The mechanical analysis of the soil is

shown in Table XVI. Only two salts were tried and then the experi-

ments were abandoned because the soil quickly became too heavy

and sticky to screen. Instead of passing through the screens, the

clay formed compact balls. The curves are given in Table XVII
and figure 16.

Table XVI.

—

Mechanical analysis of Susquehanna clay.

Name of division. Limit of sizes. Percentage.

Mm.
2.0 -0.25
0.25-0.05
0. 05 -0. 005
0.005- .0

8
Fine and very fine sand 20
Silt 35
Clay 34

Although the curves are over a relatively very short range of

moisture for this soil, those for the soil with salt show a marked dis-

placement from the one for soil and water alone.

Table XVII.

—

Moisture-apparent specific gravity relations of Susquehanna clay with
salts.

With water. 0.066 per cent KC1. 0.066 per cent K2C03 .

Apparent I Apparent
j

Apparent
Moisture. specific Moisture. specific Moisture. specific

gravity. gravity. gravity.

Per cent. Per cent. Per cent.

6.4 0.88 2.6 0.97 0.4 0.92
41.0 .90 6.2 1.02 5. 35 1. 04
19.9 .80 8.4 .99 ' 12.9 1.02

10.6 .96 20.2 .83
13.4 .94

CAPILLARY MOVEMENT OF WATER.

PREVIOUS WORK.

The foregoing experiments seem to establish definitely the fact that

the volume changes and penetrability of a soil are affected by the

addition of a small amount of soluble salt, but they do not indicate

how the movement of moisture in the soil is effected. For this reason
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experiments on the capillary movements of water in the soil with

various salts were carried out.

King 1 observed that a certain soil that had been treated Avith barn-

yard manure was more moist than the same soil that had not been so

treated. The difference was especially marked in dry season, and the

effect was shown down to 4 feet depth at least. He attributed the

difference to an increased upward capillary movement of water,

brought about by the application of manure. It is a well-known

fact that acids, bases, and salts do affect the capillary rise in absorb-

ent material, and on this basis a system of analysis has been evolved

by Goppelsroeder. 2 With the capillary rise of water solutions of acids

Shraup 3 has been especially interested, and found that there is con-

siderable difference in the heights to which the same strength of differ-

ent acids rise. Cameron and Bell 4 found that potassium chloride had

an effect upon the rate at which a solution rose in strips of filter paper.

Krawkow 5 published some results on the effect on rate upon capillary

flow of water in soil columns, caused by the addition of soluble salts.

He found that the solutions moved less rapidly than in pure water,

which he ascribed as due possibly to increased viscosity of the liquid.

Briggs 6 studied the effect of several salts upon the capillary rise in soils.

He used only concentrated solutions and found that the rise in soil

columns was not as great as with pure water, but a solution of sodium

carbonate rose higher than water alone. This he accounted for as

being due possibly to the saponification by the alkaline solution of the

slightly greasy film over the surface of the soil grains. One would

expect it from carbonates, borates, and phosphates. Watson 7 per-

formed some experiments on an Iowa soil, studying the effect of

manure and peat on its physical condition, using glass tubes filled

with soil, held upright. The heights to which water would rise in

the treated and the untreated soil were compared after 14 hours, 38

hours, and 4, 5, 8, and 11 days. One per cent of manure showed a

slight increase, 2 per cent a slight decrease, while peat showed con-

siderable increase. The results obtained are shown in Table XVIII.

Watson assumes that it is the "coarse, insoluble part of the manure
which has the physical effect, and the soluble part has little or no

effect."

i Wis. Expt. Sta. Report, 1892, p. 106.

2 Kapillaranalyse beruhend auf Kapillaritats- und AdsorptionserscrieinuBgen. F. Goppelsroeder. Sep-

aratabdruck aus Kolloid.-Zeit. von January 1909 bis April 1910.

3 Monatsch., 31, 753 (1910); Z. Chem. Koll., 6, 251 (1910).

i Bui. 30, Bureau of Soils, U. S. Dept, of Agr., p. 49 (1905).

s Jour. f. Landw., St. Petersburg, 48, 209 (1900); Chem. Zent. II, 10S4 (1900V

e Bui. 19, Bureau of Soils, U. S. Dept. of Agr. (1902).

1 1owa Acad, of Sci., 16, 103 (1909).
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Fig, 1.—Sand with Monocalcium Phosphate Moistened with Water.
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Table XVIII.

—

Effect of manure and peat on capillary rue in Iowa soil.

Soil.

Rise of water in centimeters after-

14 hours. 38 hours. 4 days. 8 days. 11 days

Soil

Plus 1 per cent manure
Plus 2 per cent manure
Plus 1 per cent peat . .

.

11.2
12.0
11.0
14.2

14.5
15.2
13.5
18.5

17.7
18.2
16.7
23.0

20.5 l

20.7 I

18.0 i

24.5
|

22.1
22.3
20.0
26.1

METHOD OF EXPERIMENTATION.

The method followed in measuring the rate of capillary movement
was to measure the .movement of moisture along a horizontal tube

filled with soil. The conventional method is to place the tube con-

taining soil in an upright position in the water and then to measure

the height above water level to which the water rises. The tubes

used in these experiments were glass tubes A, figure 17, 1 inch in

diameter, with a scale in millimeters pasted along their length. These

tubes were connnected by strong rubber tubing to brass elbows B,

the lower end of which dipped into water. The water supply was

kept at constant level. In filling the tube the end was closed by a

G
\ w \ S \ v \ j j j \ p w tv \ \ \ \ \ \ \ \ \ \ \ Q

Fig. 17.—Tube used in experiments in capillary movement of water.

sheet of filter paper and the tubes filled to the same distance in each

case and then tapped until the loose soil had subsided a determined

number of centimeters (usually 5). The brass elbows were all filled

with the same soil, rubbed up in a mortar with a rubber-tipped pestle,

and as nearly as possible given the same packing in the tubes. The

lower ends of the brass tubes were closed by perforated corks, with

glass wool in the perforations and fine copper gauze over them. The

ends were submerged in the water about 3 centimeters and allowed

to stand there for 24 hours before the soil columns in the glass tubes

were attached. In this way the soil in the brass elbows became sat-

urated with water, and, on the assumption of uniform packing,

furnished a constant head of water to each of the horizontal tubes.

The movement of water was well defined, the moist soil giving in

nearly every case a perfect ring at the point to which the moisture

had advanced. The tubes were placed in a horizontal position to

eliminate the effect of gravity. That this effect was measurable was

shown by the first set of experiments, in which the tubes were placed

in upright position. The influence of position upon the capillary

movement was not studied, but that there is a measurable influence
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is shown by Goppelsroecler, 1 using filter paper and a solution of potas-

sium sulphate. His results are shown in Table XIX. The effect of

gravity is shown to increase the capillary flow with even so small

a negative angle as 2° to the horizontal. Probably in the last two
cases, with negative angles of 13° and 25°, there is a real flowing of

liquid under the influence of gravity.

Table XIX.

—

Influence of position on capillary rise of potassium sulphate solution in
filter paper.

Angle to
horizontal.

Hon_. 1 Height of Angle to HM0Lirs
-

i
rise. horizontal.]

Homs -

Height of

rise.

90
53.9

Cm.
65 46.3 —2.0
65 : 57.5 —13.0
65 116.5 . —25.0

!

65

Cm.
130.3
148.8
200.0

RESULTS OF EXPERIMENTS.

The measurements in the present experiments were made on the

silt loam soil used for measuring the change of volume and the same
salts were added. The results of several sets of experiments are

shown in Tables XX to XXII and in figures 18 to 20, inclusive.

The form of the curves are parabolic, in accord with the equation

that represents the curve for capillary movements in porous material

found to hold by Bell and Cameron, 2 namely, y
n= Kt, in which y is

the height, t the time, and n and K are constants, depending on the

temperature and the specific substances.

Curves in figures 18, 19, and 20 for only three of the five sets of

experiments are given, as the others are similar in character. Tables

XX to XXII give the results of the fiYe sets. After each experi-

ment the tubes were emptied and refilled with some of the same

soil sample for the next experiment. The brass tubes connected

to the soil columns were emptied and refilled between each set of

experiments. With every precaution to make the soil columns

uniform in texture and packing no two sets of experiments could

be made to agree throughout. There is a general agreement, how-

ever. Take, for example, the first two sets of experiments. There

is an agreement in the order of the curves with the exception of

those for potassium chloride and for phosphoric acid and potassium

carbonate.

In Table XXIII the total of all the experiments has been

tabulated, at the end of 24 hours and at 48 hours. The fourth

series did not extend beyond 24 hours, so that it is not included

in the 48-hour totals. The fact that absolutely concordant

i Loc. fit., Kapillaranalyse, p. 28.

2 Jour. Phys. Chem., 10, 658 (1900); Bui. 30, Bureau of Soils, U
Ostwald, Supplementheft 2, Zeit. Koll. Cheni.,20 (1908).

S. Dept. of Agr. (1905), p. 50; also Wo.
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results are not obtained seems to be due to the large error in

filling the tube. In each case the tubes were placed in a vertical

position and the soil allowed to flow hi through a funnel held rigidly

so that the distance the soil fell was the same for each tube. The
tubes were all filled to 35 cms. and then tapped on the table until the

soil level sank to 30 cms. If any irregularities in the texture of the

soil column were visible, the tube was refilled. The difficulty of uni-

formly reproducing the same conditions in filling tubes has been

observed by Den Berger, 1 who found that differences due to non-

uniformity sometimes resulted in very large errors. Granting, how-
ever, that the error of filling or packing is large, it can hardly be

doubted from the results of these experiments that the presence of

the salts does exert an influence on the capillary movement of water

in the soil. Xot only the total but the individual experiments show
that potassium bisulphate and a mixture of phosphoric acid with

potassium bisulphate do lower the rate of capillary flow, that phos-

phoric acid and potassium chloride influence it very little, and that

the other salts and mixtures accelerate the movement.

Table XX.

—

Capillary movement of water in silt loam containing salts.

FIRST SERIES.

H 2 K2CO3 TvCl P20; KH304 CaS0 4

Time.
Dis-

tance.
Time. Dis-

tance.
Time.

Dis-
tance.

Time.
Dis-

tance.
Time.

Dis-
tance.

Time. Dis-
tance.

H. m. Cm. B. m. Cm. H. m. Cm. H. m. Cm. II. 77?. Cm. H. m. Cm.
32 1.0 25 1.0 25 1.0 35 1.0 38 1.0 25 1.0

1 14 2.0 1 11 2.0 2 20 2.0 1 40 2.0 2 20 2.0 1 11 2.0
2 43 3.0 2 20 3.0 5 30 3.0 5 46 4.0 4 40 3.0 2 51 3.0
4 40 4.0 4 01 4.0 24 00 7.6 24 00 9.1 7 30 4.0 4 59 4.0
7 30 5.0 18 5.0 48 00 12.6 4S 00 14.5 24 00 7.5 7 20 5.0

24 00 8.4 7 00 6.0 51 00 13.0 51 00 15.0 48 00 12.5 24 00 10.0
48 00 13.0 24 00 11.9 54 00 13.8 54 00 15.6 51 00 13.0 4s 00 15.5
51 00 13.5 1 48 00 19.0 72 00 16.8 72 00 18.7 54 00 13.3 51 00 16.

54 00
72 00

14.2
17.1

51

54
72

00
00
00

19.6
20.4
24.3

72 00 10.3 54
72

00
00

16.8
19.9

II

KC1
NH,

and P 2 5 and
KsCOa

P2O5
KH

and
SO4

CaSO
CaH

4 and
PO4 CaHPO< NH4NOa

Time. Dis-
tance.

Time. Dis-
tance.

Time. Dis-
tance.

Time.
Dis-

tance.
Time. Dis-

tance.
Time.

Dis-
tance.

H. m. Cm. H. 7??. Cm. H. m. Cm. H. m. Cm. H. m. Cm. H. m. Cm

.

25 1.0 17 1.0 10 1.0 15 1.0 25 2.0 12 1.0

1 11 2.0 51 2.0 .50 2.0 51 2.0 1 45 3.0 : 49 2.

2 26 3.0 2 00 3.0 2 51 3.0 1 45 3.0 5 30 5.0 1 45 3.0

4 50 5.0 4 40 5.0 6 45 4.0 4 26 5.0 24 00 11.0 2 43 4.0

6 45 GO 6 20 6.0 .'4 00 6.6 6 05 6.0 48 00 17.0 4 17 5.0

24 00 12.8 24 00 12.5 48 00 10.0 24 00 12.1 51 00 17.5 5 30 6. (i

48 00 20.5 48 00 19.0 51 00 10.5 48 00 19.0 54 00 18.2 , 20 7.0

51 00 21.3 51 00 20.2 54 00 10.9 51 00 19.7 72 00 22.2 24 00 13.1

54 00
1 72 00

22.2
26.5

54

72
00
00

21.1
25.2

72 00 13.0 54 00
72 00

20.5
24.3

4n

51

54
70

00
00
00
00

20.5
21.3
22. 1

26. 4

1
1

» Bui. 34, Dept. Agr. Indes Neerland (1910).
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Fig. 18.—First series. Capillary movement of water in Volusia silt loam.

Fig. 19.—Second series. Capillary movement of water in Volusia silt loam.

Fig. 20.—Third series. Capillary movement of water in Volusia silt loam.
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VAPOR PRESSURE.

Table XXIII.—Relative capillarity of soils with salts.

31

Soil with salts.

P2O0+KHSO4.
KHSO4
P2O5
H2

KC1
CaHP0 4

CaS0 4

K2CO3
P2O5+K2CO3...
NH4NO3
KC1 +XH 4N0 3..

CaS0 4+CaHPO

Water
position
after 24
hours.

Cms.
38.5
41.9
46.0
47.1
47.7
50.5
54.3
56.7
57.8
60.6
61.0
61.9

Soil with salts.

Water
position
after 48
hours.

P 2 5+KHS0 4

Cms.
47.0
49.6
50.2
51.0
52.1
59.7
62.6
63.7
64.0
67.8
70.4
71.2

KHSO4
H 2

P2O5
KC1. .

CaSO,
P2O5+K2CO3
CaHP0 4

K2CO3..
KCI+NH4NO3.
CaS0 4+CaHP0 4

NH 4X0 3

At first it is suggested that the acid salts lower the rate and the

basic ones increase it; but calcium salts and ammonium nitrate seem
not to conform to any such rule, both of which seem to exert a greater

influence than the acid or basic radical.

VAPOR PRESSURE.

PREVIOUS WORK.

Very little work has been done upon the effect of soluble salts upon
the vapor pressure of soil moisture. From a priori considerations it

would be expected that the presence of salt in the soil moisture would

in general raise the surface tension and therefore lower the vapor pres-

sure. Bovie * has made a few measurements on the vapor pressure

of soil moisture to which sodium chloride was added. His results

indicate that the vapor pressure is lowered and that there is a transfer

of water to the soil containing the salt, but his results also show that

the amount of available soil moisture is lowered by the presence of

salt, or rather the nonavailable moisture is increased, and only two

measurements are given. King 2 has made some measurements on

the amount of moisture in a soil manured and not manured and found

that the first 3 feet of the manured soil was more moist than those of

the unmanured soil. He attributed the difference to an increase in

capillarity. This, however, is not the view held by Watson, 3 who
states that King's moist surface foot of soil is due to decreased evap-

oration. In other words, the presence of the manure causes a lower-

ing of the vapor pressure of the soil moisture. Watson, however,

erroneously assumes that it is the coarse, insoluble part of the manure

that affects the physical properties and that the soluble part has

little or no effect.

i Bui. Tony Bot. Club, 37, 290 (1910).

» Physics of Agriculture, p. 172 (1907).

3 Iowa Acad, of Science, 16, 103 (1909).
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METHOD OF EXPERIMENTATION.

The measurements made were of a qualitative character, no effort

being made to determine the absolute value of the vapor pressure of

soil moisture. The method followed was to place weighed quanti-

ties of soil, one containing salt and one without, in weighing bottles

of practically the same size. Then enough water was added to

each to bring the soil almost to saturation. Of course, the amount
of water added in each case was exactly the same. These bottles

after weighing were left open and placed in ordinary glass fruit jars

and the top screwed down tightly. Weighings were made again after

two or three weeks. In almost every case tried it was found that

the soil containing the salt had lost more weight than the soil with-

out salt.

RESULTS OF EXPERIMENTS.

Only two soils were used in the experiments and only two salts

with each, but the soils were of different character, a clay loam and

a sand, and one salt was alkaline carbonate and the other acid phos-

phate. The results of the measurements are shown in Table XXIV.
These show that the evaporation was greater from the soils contain-

ing the salts, or that the vapor pressure is increased by the addition

of the salts. These results are just the reverse of what would be

expected from the phenomena in free solutions, and it is possible,

though not probable, that some characteristics of the particular

soils used were sufficient to cause this difference. If it is true that

the vapor pressure of soil moisture is increased by the presence of

salts there must be, besides surface tension, some (as yet unknown)
factor in the solution which influences the physical condition of the

soil.

Table XXIV.

—

Relative loss by evaporationfrom soil andfrom soil icith salt.

Loss in grams of water in two weeks from—

Cecil clay loam with— Norfolk sand with—

H 2 K2CO3 H 2 CaHPO* H 2 K2CO3 H2 CaHPO<

0. 0.538

.1502

. 03.50

.0430

.0430

.0320

0. 1224
.1372
• 0604
.0800
.0820
.0520

0. 1286
.0020
.0528
.0472
.0816
.1880

0.1580
.1430
.0552
.0558
.1050
.2990

0.0430
.0370
.0580
.1382
.0592
.0500

0.0540
.0720
.0490
.1656
.0648
.0770

0. 1030
.1005
.0125
.0390
.0790
.0430

0. 1038
.0940
.0210
.0460
.0860
.0520



Plate V.

Fig. 1
.—Clay Loam with Potassium Carbonate Moistened with Water.

t

-1& .: *

Fig. 2.—Clay Loam with Potassium Carbonate after Evaporation of Water.





Bui. 82, Bureau of Soils, U. S. Dept. of Agriculture. Plate VI.

Fig. 1
.—Clay Loam with Monocalcium Phosphate Moistened with Water.

Fiq. 2.—Clay Loam with Monocalcium Phosphate after Evaporation of Water.
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MICROSCOPIC AND LANTERN EXPERIMENTS.

Having established the fact that the presence of small amounts
of salts do exert a large influence on the physical properties of soils,

as was shown in the penetration results, the measurements. of appar-

ent specific volumes, the rate of capillary movement in the soil, and
in the change in vapor pressure, some observations were made with

a microscope and a lantern in an effort to obtain visual evidence of

the difference in structure produced by the salt. It was hoped that

by the use of a binocular microscope the soil grains could be observed

in perspective and a difference in their arrangement recorded. After

numerous experiments with the microscope its use was abandoned.

No satisfactory results could be obtained from the microscope

because of the fact that such a limited field was covered. In a sub-

stance of such varied character and such heterogeneous composi-

tion as a soil, the field covered by the microscope is very likely not

to be representative of the soil as a whole, or at least can not be

regarded with any assurance as representative. The use of the lan-

tern promised better results, for a large field could be used, but

even here difficulties were encountered, which will be noted later.

METHOD OF EXPERIMENTATION.

The soil, placed in an ordinary Petrie dish, was moistened with

water and then placed in a horizontal position on the condenser of

the lantern. The lantern is so made that vessels containing speci-

mens to be examined can be placed either in a vertical or horizontal

position. The image of the soil particles was then thrown upon a

screen or upon a photographic plate in a camera, if it was desired to

preserve them. The water was then allowed to evaporate from the

soil and the movement of the soil particles was noticed as the mois-

ture content of the soil was reduced.

RESULTS OF EXPERIMENTS.

Experiments were made with sand, silt loam, clay loam, and clay,

but only a few of the observations were preserved in photographs as

representative of what took place in all the experiments. In the case

of sand, the wet soil grains appeared more or less uniformly distributed.

As the soil dried out, the particles could be seen to arrange themselves

into groups, and the soil became much more open in structure. The
same phenomenon was observed when salts were added, but in addi-

tion a difference is noted in the aggregation of the smallest particles

present. When a clay or clay loam was used and the projection

largely magnified, the small particles could be seen to be in almost

continuous motion. In fact it was very difficult to obtain them

sufficiently at rest to take a photograph. This effect is shown in
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Plate VI. Figure 1 of this plate was taken while the soil was satu-

rated with water; figure 2 after the water had evaporated. Although

no movement was apparent to the eye, even in the greatly magnified

projection, it is evident that there was movement. The plate was
allowed to remain in the lantern, without being disturbed, until all

the water had evaporated and then the second photograph taken.

Again, it was absolutely impossible to break up all the aggregates of

clay particles when mixing with water. And in observing the move-
ment as evaporation proceeded the small clay particles were seen to

move in streams about the edges of these aggregates and across from
one lump to another by a straight path. This showed directly the

movement of the small clay particles in a soil under the influence

of moisture, and as all soils are more or less moist in practice, the

effect of this moisture upon the movement of soil particles must, in

the aggregate, be very great.

The photographs shown in Plates I to VI, inclusive, were all taken as

described. Figure 1 shows in each plate the wet, and Figure 2 the dry

soil. In each case the soil alone was moistened, the observation made,

evaporation allowed to take place and the record photograph taken.

The same soil then containing small quantities of potassium car-

bonate and monocalcium phosphate were treated in exactly the

same manner. Just a portion of the photograph taken is here repro-

duced, but the same field is shown in each case. Plate I, figures 1

and 2, shows Norfolk sand alone moistened with water, and after

the water has evaporated. On a close inspection it will be seen that

some of the larger particles have changed their position during the

evaporation, but the small clay particles seem to be fairly uniformly

distributed in both cases, without any apparent grouping. The
more open structure of the larger grains, where they are grouped, is

very evident. This is much more strikingly seen by direct observa-

tion. As the sand grains are drawn together at one place and leave

little openings at another, it gives the appearance of rapid flashes of

light at numerous spots on the screen. In Plate II the Norfolk sand

with potassium carbonate is shown, and in Plate III, with mono-
calcium phosphate. The only difference noticeable is in the grouping

of the fine or clay particles. The same sort of opening of structure

among the larger grains is noticeable. In the case of the calcium

phosphate the small particles seem to collect in aggregates and these

aggregates act as larger particles; with the potassium carbonate the

small particles do not form aggregates by themselves, but appear to

collect about the larger particles and to form aggregates with sand

grains as centers. This is in accord with the theory that the carbonate

causes a deflocculation and the small particles are simply drawn around

the larger grains as evaporation proceeds. Monocalcium phosphate

causes a flocculation and hence the aggregates observed. Where the
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presence of potassium carbonate causes a deflocculation there is a dif-

ference from the case in which simply water is present. On drying

out, the fine particles in the soil with water alone do not collect so

markedly about the larger grains; with potassium carbonate this

grouping about larger particles is very marked. Plate IV represents

the clay loam with water, and Plates V and VI with potassium car-

bonate and monocalcium phosphate. The same effect is noticeable

that is seen in the sand; the effect of drying on the structure, the

deflocculation of the small particles by potassium carbonate and the

flocculation by monocalcium phosphate.

While the results showed what was to be expected, they can not

show the whole structural difference in the soil. They are only an

indication of a difference. In the soil in natural condition, the forces

that act upon the grains may move them in any plane. In the lantern

experiments, of necessity, a very thin layer of soil had to be used,

and hence movement of the soil grains was restricted to one plane,

and in addition, the friction of the glass upon which the grains rested

was opposed to the movement. It can readily be seen then that

forces which would produce large effects when allowed to act in any

plane, might not produce a measurable effect when restricted to one

plane. The photographs and observations do show an effect other

than flocculation and deflocculation produced upon the structure of

the soil by small amounts of salts present.

THE EFFECT OF SOLUBLE SALTS ON THE STRUCTURE OF A SOIL.

FACTORS INFLUENCING STRUCTURE.

In the discussion by Briggs x of the mechanics of soil moisture, the

moisture film is declared to be the great factor in influencing the

movement of moisture through the soil. Cameron and Gallagher, 2

however, first showed by measurements the relation of the moisture

film to the structure of the soil. It is hardly necessary here to dis-

cuss this theory of the movement of soil moisture, as it has become

generally accepted. The movement of soil grains under the influ-

ence of the moisture films is of more concern to us here.

If we consider the soil grains and the soil moisture, each has a

movement dependent upon the other. The movement of soil mois-

ture is dependent upon the mechanical composition (fineness of

grains) of the soil, the structure (arrangement of particles) and the

organic matter present. The effect of organic matter is not ex-

plained. Its presence may cause a change in structure, and if this

is its only effect the moisture movement is dependent upon the

mechanical composition and the structure of the soil only. The

mechanical composition of any particular soil remains constant.

i3ul. No. 10, Bureau of Soils, U. S. Dept. of Agr. (1897).

2 Bui. No. 50, Bureau of Soils, U. S. Dept. of Agr. (1908).
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On the other hand, the structure of the soil is dependent upon the

amount of moisture or the thickness of the moisture films upon the

soil grains, and the influence exerted by the films is dependent upon
their surface tension. The surface tension is in turn dependent

upon the substances dissolved in the water or mixed with it. So it

is evident that the factors that enter into the movement of moisture

or that determine the structure of the soil are largely and probably

entirely dependent variables.

If two portions of soil are in contact, one of which contains a

higher percentage of water than the other, there will be a movement
of moisture toward the portion of lower percentage, due to the

action of what we are pleased to call surface tension. But there

will be a pull upon the soil particles also, and a consequent rear-

rangement or change of structure. The evaporation of water will

also cause a change in the thickness of the moisture films surround-

ing the soil grains, with consequent rise of the surface tension, and
as a result the particles of soil are pulled along in the film and the

soil structure is altered. The collection in and movement of soil

particles with the surface film of water can be easily observed by
the use of the lantern, either on adding water to or allowing it to

evaporate from the soil. From these considerations it would seem

that surface tension is the greatest factor in influencing the structure

of the soil as well as causing the movement of moisture in the soil.

In addition to the influence of surface tension there is another

influence made evident in the flocculation and deflocculation phe-

nomena. While these phenomena themselves may be due to sur-

face tension at the solid-liquid surface, no definite relation has been

established between them as yet.

RELATION OF EXPERIMENTAL RESULTS TO STRUCTURE.

The penetration measurements show that for the samples of soil

used, the penetration values were increased by the addition of solu-

ble salts for silt loam and decreased for clay loam, and likewise the

apparent specific gravity is increased for silt loam, cLoy and sand,

and decreased for clay loam. The character of the salts added to

the soil does not appear to exert a very great influence, as shown
in the curves of figures 12 to 15, inclusive. The curves seem to

fall into two groups, but a general classification of the groups is not

apparent. The decrease in the penetration and the apparent spe-

cific gravity for clay loam might suggest the influence of the clay

particles; but the Susquehanna clay has a larger percentage of clay,

and its apparent specific gravity is increased. Likewise the meas-

urements of vapor pressure give results that would hardly be ex-

plained from the consideration of surface tension factors alone. In

all the measurements the vapor pressure is lowered by the addition
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of salt, while presumably the surface tension is increased. The
influence of some dependent variable, as yet unaccounted for, must
cause the discrepancy between the results and the theoretical con-

siderations.

FLOCCULATION AND ADSORPTION PHENOMENA.

In addition to the effects already noted, those of flocculation and
adsorption are exerted in a solution containing soluble salts. It has

been pointed out by Patten * that although in general alkalies will

cause deflocculation, and acids a flocculation of suspended particles,

a change in concentration may cause a change in the result produced.

It is well known that soils are deflocculated generally by the addition

of alkalies, but no study has been made of the concentration changes

upon the deflocculation or flocculation. Nor has any such attempt

been made in the experiments described in this bulletin, but several

strengths of potassium carbonate, chloride, and potassium carbonate

with phosphoric acid, were used and no difference could be observed
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Fig. 21.—Moisture-apparent specific gravity results for Volusia silt loam.

in the effects upon the properties measured. In figure 21 is shown the

curve for three concentrations of potassium chloride with silt loam.

This same thing is shown for penetration of clay loam with potassium

chloride and the volume change of silt loam with phosphoric acid, as

may be seen by referring to figures 1 and 10. It is hardly probable

that all of these strengths of solution would cause the same floccula-

tion. The flocculating power of the salts, then, does not appear to

be the controlling factor.

Adsorption of soluble material has been shown to exert an appre-

ciable influence upon the water-holding power of finely divided solids. 2

The hydroxides and carbonates seemed to lower the water-holding

power and other salts to raise it. Adsorption and flocculation are

likewise closely related.

From these considerations it becomes even more apparent that

the effect produced upon the physical properties of a soil by the addi-

tion of soluble salt is composed of many complex and interdependent

factors.

1 Am. Chem. Jour., 18, 608; Proc. Am. Electrocnem. Soc, 9, 287 (1906).

2 Patten & Waggaman, Bui. No. 52, Bureau of Soils, Dept. of Agr., p. 71 (1908); tHrich, Forsch. Geb.

Agr. Phys., 16, 406 (1893); 18, 63 (1895).
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SUMMARY.

From the foregoing experiments and discussion it is evident that

the causes producing a change of structure in the soil are many and

complex.

It has been demonstrated, furthermore, that the addition of small

amounts of soluble salts affect the physical properties, and therefore

the structure of the soil.

Some results obtained are not explained by hitherto known facts

and are apparently not in accord with theories regarding the action of

salt solutions on solid particles.

From the results no predictions can be made regarding the specific

direction or the amount of the action of salts on particular soils, but

it can be asserted positively that there is a measurable change in the

structure of a soil due to the addition of soluble salts. It is con-

ceivable that there are causes producing changes other than those

which are generally considered.

The effect of salts is more pronounced in a soil containing a large

percentage of fine soil particles, and this leads to the conclusion that

colloidlike clay particles are affected most by soluble salts, and in

turn affect most the structure of the soil.

The actual nature of the condition produced in the smallest soil

particles is not known beyond rhe fact that flocculation and defloc-

culation may be produced.

The photographs of soil layers, in addition to these effects, show an

apparent difference in the grouping of the smaller aggregates with

reference to the larger soil grains.

The fact that the problems are complex does not detract from the

practical conclusion that soluble salts, whether they supply to a scil

elements necessary for plant growth or not, may produce in the soil

measurable changes in structure which in turn greatly influence plant

growth.

o






